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Title of Invention 

Manufacmriug. method of metal powder 
Claims 

1 Manufacturing method of metal powder featured in that solution; which contains 1 
or more kinds of metal salts, is sprayed to form droplets, and the droplets are heated at the 
temperature higher than the decomposition temperature of the metal salt and also higher 
than the mctiing point of the metalvand yet, in case the metal forms oxide at the temperature 
lower than the melting point of the metal, at the temperature higher than [the decomposition 
temperature of this oxide, and the metal particles formed by the thermal decomposition of 
the aforesaid metal salts are melted. 

2 Manufacturing method of metal powder according to tha claim t 'in which 2 or more . 
metal salts are salts of metals which form alloy. 

3 Manufacturing method of metal powder according to the claim 1 or claim 2 in which 
the melting point of metal is the melting point of alloy. 

Detailed Description of the Invention 

Area of application in industry 

the present invention relates to manufacturing method of metal powder, in 
particular, manufacturing method of metal powder which is useful for application io thick 
film paste. 

In the area of electronics, thick film paste such as conductive paste, resistance 
paste, etc, has been used in order to manufacture parts such as electronic circuit, resistor, 
capacitor. 1C package, etc.. Such paste is prepared by using powder of metal, alloy, or 
metal oxide, together with glassy binder and other additives, as needed, mixing and 
dispersing uniformly in the organic vehicle, and it is applied on the insulating substrate 
board, and fired at high temperature or heat-dried at relatively low temperature To form 
conductor coat or resistor coat. 
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As the rental powder for such thick film paste, the powder with the following 
properties has been desired. : . :: 2 - v. :: >. r.-* . ; v . : . . - . ; 

CD Good dispersion ixuthe paint in order to form dense and uniform film. 
© Impurity is minimal/ 

Since high impurity level would cause adverse effect in ohmic contact with * 
semiconductor, corrosion resistance, environment resistance, and other electric 
characteristics, it should be kept as low as possible, 
<2 Good crystallirity. 

In particular, in the paste of high temperature firing type, if the crystalllnity 
is not good, the sintering of the metal powder proceeds too fast at the firing 
process, and therefore, molten glassy binder does not migrate to the substrate side, 
which causes problems such as poor adhesion strength, degradation of 
conductivity or solderability by the glass floating on the film surface, etc. 
Therefore, good crystaflinity with uniform orientation is desired. • 
© The panicle sire is in the range of 0. 1 - 10 jim and in uniform particle shape. 
Conventional technology 

Previously the metal powder used in such thick film paste baa been manufactured 
by the method that reducing agent is added to the metal compound solution for the wet- 
reduction, the method thaL the molten metal is atomized or the method chat the metal is 
vapor deposited in vacuum or inert gas atmosphere to form fine powder. 
Problems to be solved by the invention 

Although the wet-reduction method has a merit that it allows to manufacture 
metal powders of various shape and the particle size easily by the land and concentration 
of the starting salt and reducing agent, or control of the reaction condition, usually a large 
amount of defloculating agent is used to improve the dispersibility of the powd£r f and this 
causes difficulty in solid liquid separation from the reaction liquid, and also increases the 
amount of impurity. Also, in order to Improve the crystallinity, the reaction rate has to be 
decreased extremely, and therefore, the productivity is poor. 

In the atomizing method, the panicle size of the powder obtained is large and it is 
difficult to make the powder finer. Also, there is a feult that the equipment cost is high for 
the high melting point metal such as palladium, platinum, etc.. 

In contrast, in the vapor deposition method, the particle size is too small and also 
the powder with good dispersibiliiy cannot be obtained. Furthermore, the cost of this 
method is high, and also it does not conform to mass production. 

Consequently, there have been limitations in these methods for obtaining metal 
powder which has appropriate particle size, has good dispersibility in the paint, good 
crystallinity. and also is high in purity. 

The objective of the present invention is to manufacture metal powder, which has 
the aforesaid desirable characteristics for the thick film application, easily and at low cost. 
Method to solve the problem 

The present invention is the manufacturing method of metal powder featured in that 
solution, which contains 1 or more kinds of metal salts, is sprayed to form droplecs,"and the 
droplets are healed at the temperature higher than the decomposition temperature of the 
metal salt and also higher than the melting point of the metal and yet. in case the metal forms 
oxide at the temperature lower than the melting point of the metal, at the temperature higher 
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than the decomposition temperature of this oxide, and the metal panicles formed by the 
thermal decomposition of the aforesaid metal salts are melted. Incidentally, the metal 

. powder in the present invention includes not only simple metal but also alloy powders. 

- Function 

The metal salt can be any of those which deposits target metal or oxide by thermal 
decomposition, for example, they can be nitrate, sulfate, chloride, ammonium salt, 
phosphate, earboxylate, metal alcoholate, resinate, etc. of noble metal such as gold, silver* 
platinum, palladium, etc.. base metal such as copper, nickel, cobalt, iron, aluminum, 
molybdenum, tungsten, etc.. Also, It is possible to use plural sails together for simple metal 
It is also possible to use a mixture of salts of 2 or more metals, and double salt or complex 
salt can be used too. By dissolving I or more kinds of these metal salts in water or in 
organic solvent such as alcohol, acetone, ether, etc. or the mixture solvent of these, the 
metal salt solution is obtained. When the solution of single metal salt is used, pure metal 
powder can be obtained, and when the solution, in which 2 or more of alloy forming metals 
are dissolved, the alloy powder can be manufactured too. In case 2 or more metals mixed 
are not alloy forming, a mixture powder may be obtained. 

The metal salt solution is sprayed by a sprayer to form droplets, and subsequently by 
heating them at the temperature higher than the decomposition temperature of the metal salt 
and also higher than the melting point of the metal, they are thermally decomposed and the 
metal particles produced are melted, and thus spherical metal powder with smooth surface is 
obtained. The powder obtained is very good in crystallinity, and also good in dispersibiltty 
when it Is made into paint, If the heating temperature is lower than the melting point of the 
metaJ, spherical powder is nor formed and its density is low, and therefore, it is not 
preferable for paste application. Therefore, it is necessary to heat it at least higher than the 
melting point. It is desirable to heat it 100°C higher than the melting point of the target 
metal. Also, for the metal of which oxide is formed when the metal salt is decomposed or 
after the decomposition at the temperature lower than the melting point of the metal, ic is 
necessary to heat It at least to the temperature at which the oxide is decomposed. 
Incidentally,, in case 2 or more metal salts are used to form alloy, the healing temperature 
should be higher than the decomposition temperature of the salts and also higher than the 
melting point of the alloy which is to be constituted with these metals. 

As for the atmosphere during heating in the present invention, oxidizing, reducing, 
or inert atmosphere is selected appropriately depending on the kind of metal and heating 
temperature. 

Since the panicle size of the metal powder is dependent on the concentration of the 
metal salt, kind of solvent and mixing ratio, spraying velocity, the size of the sprayed 
droplets, and also the hearing temperature, it can be easily controlled by setting these 
conditions appropriately. In particular, the size of the sprayed liquid droplets, which 
presumably is related directly to the particle size of the metal, can be made smaller by having 
the sprayed liquid farther coflide against solid obstacle or rotating body. Also, in case the 
boiling point of the solvent is low, presumably by the boiling upon heating theHroglcts tend 
to break up and fragment, resulting in the smaller particle size of the metal powder 
produced. 

The manufacturing method of metal powder of the present invention is explained 
based on the figure. Figure I shows an example of the equipment for spraying and thermally 
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decomposing metal salt solution, and the metal salt.solurion A is sent from a tank \ to a 
double rube sprayer 2, and sprayed by compressed air B imo a ceramic tubing 4, which is 
heated by an electric furnace 3, and thcnnally decomposed. The metal powder produced is 
collected in a cyclone 5. 
Examples . 

Now, the present Invention U explained specifically by Examples and Comparison 
example* 

Example 1 ! 

By dissolving AgNOs crystals in ethanol-water mixture solvent containing eihanol 
80 %. the solution of 0.5 mot// was prepared. Using a double tube sprayer, this solution 
was flowed out it a flow rate of 2.0 ra/Anin from the inner tube of the 2 fluid nozzle, and at 
tbe sahie time, compressed air was flowed at a flow rate of 10 //min front the outer tube, 
and thus the solution was sprayed into the ceramic tubing which was heated to 1 100*C by 
the electric furnace Through this process, air was flowed at a rate of 207/min as the 
secondary flow around the two fluid nozzle, such that the sprayed solution could be 
properly guided imo the hot zone. The droplets were thermally decomposed passing 
through the hot /one, and collected by the cyclone and glass Alter. The Ag powder obtained 
was of the maximum particle size 1 .7 pm and the minimum panicle size 0.5 jim, showing 
very good crystalttnity, and completely spherical with smooth surface. 
Comparison example 1 

Ag powders were prepared by the same procedure as Example 1 except that the 
heating temperatures were S00*C and 900°C. In either case, the particles were not 
spherical but of irregular shape with the maximum particle size 10 \xm and the minimum 
panicle size I jim. 
Comparison teat 

Using the Ag powders manufactured in Example 1 and Comparison example 1 
(heating temperature 900*C), and Ag powder prepared by the wet-rcduction method, 
having the maximum panicle size I J pirn and the minimum particle size 0 J jirn, 
conductive pastes were prepared by the following formula. 

Ag powder 100 g 

Glass frit S g 

Bt203 8g 

Organic vehicle 30 g 

These 3 kinds of pastes were, respectively, printed on alumina substrate, fired at 
S00°C and tested by the common evaluation method of the thick film conductor. The 
results are shown in Table 1. 



Tabic 1 



Evaluation item 
A$ powder 


Viscosity characteristic 
(poise) 


Printability 


Severability 


Adhcs 


on strength 


0.4 sec- 1 


4 sec-* 


40 sec* 1 


Initial 


After aging 


Example 1 


8500 


2300 


800 i 


O 


Good 


2.5- 


• l.S 


Comparison example 1 


4000 


1800 


800 


X 


Good 


1.5 


0.5 


Wet-reduction method 


8000 


2900 

< 


1S00 


A 


Pin hole 


2.0 


0.9 



"The adhesion strength was evaluated by 1.5 mod. 
Th« aging strength is the value after holding for 24 hours at 1 S0°C. 
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As is clear in Table ] , the Ag powder obtained by the present invention shows excellent 
characteristics as the powder for the thick film paste application. Namely, the paste in the 
above example has ideal viscosity characteristic for the screen printing, and the portability 
is good. AJso* although it has been considered previously that the severability and the 
adhesion strength arc conflicting characteristics, it can be seen in this result that both 
voidability and adhesion strength of the paste of Example I is superior to the one in 
which the powder prepared by the conventional wet-reduction method was used. 
Presumably (his is because the Ag powder used in the present invention docs not 
aggregate, and has excellent dispersibility in the paste* and therefore, dense film can be 
formed, and also, because the crystaltinity of each panicle is good, sintering can be' 
delayed in the firing process so thai the migration of glass to the substrate proceeds 
smoothly. 
Example 2 

By dissolving AgNOa and Rd(N03)2 in raethanol-water mixture solvent 
containing methanol 50 %, 0.5 mol// solution was prepared. Here, the mixing ratio of 
AgN03 and PdCNO^ was set so that the weight ratio of Ag and Pd is 112. By the 
similar procedure to Example 1, this solution was sprayed into the ceramic tubing heated 
to I200°C by the electric furnace, and collected- The powder obtained was spherical 
Ag/Pd alloy powder of good cryatallinity with smooth surface and of the maximum 
particle size 2.5 fim and the minimum partide size 1.5 nm. 
Example 3 

By dissolving HAuCL; crystals in ethanol and 0.5 mol// solution was prepared. 
This solution was sprayed and thermally decomposed by the same procedure as Example 
2, and spherical gold powder with good crystalllnity and of the maximum particle size 1 .0 
f*m and the minimum particle size 0.5 }im was obtained. 
Effect 

As is clear from the examples, according to the manufacturing method of the 
present invention, it is possible to manufacture metal powder of spherical shape, good 
cryatallinity, and further high dispersibllky. Ih addition, since it docs not require solid 
liquid separation being different from the wet-reduction method, die manufacturing is 
easy, and also, since tt does not require additives which may affect the purity, a high purity 
powder, which contains almost no impurity, can be obtained, and also, it? particle size 
control is easy. Consequently, the metal powder obtained by the present invention can be 
used for the thick film paste particularly ffcvorably. 

Furthermore, the present invention can be carried out with a simple equipment, and 
the manufacturing cost is low, and has advantage of mass production capability. 

Incidentally, although only the application to the thick film paste has been 
described here, the metal powder manufactured by the present method can be used 
effectively in the applications to decoration, catalyst, and others. 
Brief explanation of the figure " _ 

Figure I is the diagram to show an example of the equipment used for 
manufacturing metal powder by the method of the present invention. 
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